Introduction
============

Triple-negative breast cancer (TNBC) is a highly aggressive breast cancer subtype, and defined by lack of estrogen receptor (ER) and progesterone receptor (PR) expression as well as amplification of human epidermal growth factor receptor 2 (HER-2) expression. TNBC accounts for approximately 15% of all breast cancers and occurs more frequently in young women and BRCA1 mutation carriers [@B1]. The treatment of TNBC has been challenging since it is defined due to no benefit from hormonal therapy or therapies targeting HER-2[@B2]. Currently, apart from surgery and chemotherapy, there are no effective targeted therapies for the disease. Searching for more therapeutic targets for TNBC patients is the primary aim of many studies.

Androgen receptor (AR) is a member of the steroid receptor superfamily which is expressed in more than 70% of breast cancer and in about 15% of TNBC [@B3], [@B4], [@B5]. Positive expression of AR in TNBC patients was reported to be associated with worse clinical outcomes, indicating that AR blockade might be a potential endocrine therapy for TNBC [@B6]. Bicalutamide, as a non-steroidal androgen receptor antagonist, can bind to AR and inhibit its activation [@B7]. A phase II study that bicalutamide was at a dose of 150 mg daily in women with metastatic AR-positive TNBC obtained an endpoint of clinical benefit rate of 19% (95% CI, 6% to 37%) and a median progression-free survival (PFS) of 12 weeks (95% CI, 11 to 22 weeks) (NCT00468715), suggesting AR antagonist could be a treatment option for AR-positive TNBC patients [@B8]. Other clinical trails of anti-androgen bicalutamide in AR-positive TNBC patients are ongoing (NCT02353988) (NCT02348281). Lehmann et al. have classified TNBC into six subtypes based on their gene expression profiles. Among these subtypes of TNBC, gene expression in LAR subtype is most differential because it is highly enriched in hormonally regulated pathways though ER and PR are negative in this subtype. Further investigation finds that tumors in LAR group express high levels of AR and numerous downstream AR target factors [@B1]. According to these, AR may be possibly an important prognostic marker and therapeutic target of TNBC.

Poly (ADP-ribose) polymerase 1 (PARP1), the most abundant protein of the PARP superfamily, is involved in many cellular signal pathways including DNA replication, transcription, chromatin remodeling, telomere integrity, cell survival and death [@B9]-[@B14]. In DNA damage repair (DDR) process, PARP1 plays a curial role in the base-excision repair (BER) pathway for DNA single-strand breaks repair while DNA double-strand breaks are mainly repaired by homologous recombination repair (HRR) pathway in which BRCA1 has an important role [@B15]-[@B17]. As HRR pathway is impaired in BRCA1-mutated tumor cells, PARP inhibition in these cells can lead to accumulation of DNA damage and ultimately induce cell death because of impaired DDR from both BER and HRR dysfunctions [@B18]. TNBCs share many pathologic and clinical characteristics with BRCA-mutated breast cancers [@B19], which provides a rationale for clinical use of PARP inhibitors in TNBC patients. Encouraging results in a randomized phase II clinical trial demonstrated that the addition of iniparib, an oral PARP1 inhibitor, to gemcitabine and carboplatin improved clinical benefit rate, PFS and overall survival (OS) in metastatic TNBC patients compared with gemcitabine and carboplatin alone[@B20]. In another phase II trial of ABT888, also named as veliparib, which is an oral PARP1 and PARP2 inhibitor, the clinical response rate in BRCA1-mutation breast cancer patients was 37.5% (3/8), and there were no responses in non-BRCA1 carriers (0/33) (NCT01009788) [@B5] which was consistent with outcomes of another clinical trail [@B21]. The above results suggest that the role of PARP inhibitors in sporadic TNBC remain to be settled but it is explicit that they have the therapeutic potency in BRCA1-deficient breast cancers [@B22]-[@B24].

Besides the well-described functions in DDR, PARP1 also can function as a specific regulator for transcriptional functions of nuclear receptors. It has been reported that PARP1 can be recruited to AR function sites, and then promote AR occupancy and AR functions. Data from multiple models showed that PARP1 triggered protumorigenic effects in AR-positive prostate cancer cells [@B25]-[@B27]. The effect of adding PARP inhibitor veliparib to androgen deprivation therapy has been explored in prostate cancer in clinical setting but the results are still unclear [@B26]. Intriguingly, BRCA1 is also reported to be a coactivator of AR and can increase expression of AR target genes [@B28], [@B29]. However, no researches have elucidated the relationship among BRCA1, PARP1 and AR in TNBC. And no systematic researches have studied the effect of combining androgen-blocking hormone treatment with PARP1 inhibitor in AR-positive TNBC. Our article is to further explore the correlation among AR, BRCA1 and PARP1 and evaluate the combination effect of bicalutamide and ABT-888 in AR-positive TNBC to explore new therapeutic approaches for TNBC patients.

Materials and Methods
=====================

Reagents
--------

Bicalutamide and ABT-888 with a purity of 99% were purchased from Selleck Chemicals. Dihydrotestosterone (DHT), 3-\[4, 5-dimethylthiazol-2-yl\]-2, 5-diphenyl tetrazolium bromide (MTT) and dimethyl sulfoxide (DMSO) were from Sigma Chemicals. DHT was dissolved in ethanol at 0.1μM concentration, bicalutamide and ABT-888 were dissolved in DMSO at 10 μM concentration. Cell Apoptosis Detection Kit was a product of KeyGEN Biotech, CA. The antibodies used included the following: AR (Abcam, ab74272), PARP1 (Abcam, ab32138). All culture media and serum were obtained from GIBCO/BRL Life Technologies, Inc.

Cell lines and cell culture
---------------------------

TNBC cell lines MDA-MB-231 and HCC1937 were obtained from the American Type Culture Collection (Manassas, VA, USA). Both of them were cultured in RPMI 1640 medium (GIBCO, Gaithersburg, MD, USA) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. Cell cultures were maintained at 37 °C with 5% CO2 in a humidified atmosphere.

Cell viability assay
--------------------

Human breast cancer cells were plated at a density of 10000 cells per well in flat-bottomed 96-well plates. The next day, cells were provided with fresh medium including 10 μM bicalutamide and 10 μM ABT-888 alone or in combination for 24h, 48h, 72h. After that the cells were incubated with 10µl of 0.5 mg/ml MTT solution at 37 °C for 4 h. The resulting crystal was dissolved in 200 μl DMSO per well, and the absorbance was measured with 490nm with a microplate reader (BIO-RAD, USA).

Colony formation assay
----------------------

MDA-MB-231 and HCC1937 were seeded in six-well plates at a density of 500 cells per well for approximately 24 h under standard conditions. After specific treatments, the cells then were exposed to bicalutamide and ABT-888 alone or in combination. After 10 days (MDA-MB-231) and 14 days (HCC1937) of incubation, the colonies were fixed with methanol, stained with 0.5% crystal violet in absolute ethanol, and colonies with ≥50 cells were counted under a dissection microscope. These experiments were repeated at least three times.

Flow cytometry analysis
-----------------------

Human breast cancer cells were treated with bicalutamide and ABT-888 alone or in combination for 48 h, then harvested by trypsinization (not with EDTA), centrifuged and washed with PBS. Cell pellets were resuspended and incubated in 500µl binding buffer. After 15 minutes incubated with 5µl annexin V-fluorescein isothiocyanate (FITC) and 5µl propidium iodide (PI) in the dark at room temperature, the rate of early apoptosis was monitored with a flow cytometer (BD FACS calibur, USA). Each sample was tested in triplicate.

Plasmids and transient transfections
------------------------------------

Plasmid pBABEpuro HA BRCA1 (Plasmid \#14999) was purchased from Addgene (USA) and plasmid PARP1 was synthesized by Genepharma (Shanghai, China). MDA-MB-231 and HCC1937 cells were seeded at a density of 1×106 cells/plate in a 6-well plate with 10% FBS. After 24 h, cells were transfected with a plasmid encoding BRCA1 sequence or the pBABE-puro as vehicle were performed in opti-MEM with the transfection reagent Lipofectamine™ 2000 (Invitrogen, CA, USA) following the manufacturer\'s instructions. After incubation at 37°C for 48 h, cells were collected to measure by other analysis.

Quantitative real-time polymerase chain reaction (qRT-PCR)
----------------------------------------------------------

Total RNA was extracted from cultured cells using Trizol Reagent (Invitrogen, Carlsbad,CA,USA) according to the manufacturer\'s instructions. For quantitative RTPCR analysis of BRCA1, AR and PARP1, 2µg total RNA was reverse transcribed to cDNA with oligdT primers and Thermoscript (TaKaRa, Dalian, China). Primer sequences (forward and reverse, respectively) were as follows: BRCA1, 5\'-CCAAGGTTAGAGAGTTGGACAC-3\' and 5\'-GAAACCGTGCCAAAAGACTTC-3\'; AR, 5\'-GGGCGAAGTAGAGCATCCT-3\' and 5\'-GACGACCAGATGGCTGTCATT-3\'; PARP1, 5\'-TTTCCATCAAACATGGGCGAC-3\' and 5\'-CGGAGTCTTCGGATAAGCTCT-3\'; GAPDH, 5\'-AAGTGGTCGTTGAGGGCAATG-3\' and 5\'-CTGGGCTACACTGAGCACC-3\'. Real-time PCR analyses of BRCA1, AR and PARP1 were performed on an ABI 7300 Sequence Detection System (Applied Biosystems, Foster City, CA, USA) using SYBR green dye (Invitrogen, Carlsbad, CA, USA). A 20 μl reaction volume included 1μl cDNA, 1× QuantiTect SYBR green PCR Master Mix, and 0.5 μM of sense and 0.5 μM of antisense primer. All PCRs were performed in triplicate. Threshold cycles (CT) were determined using fixed threshold settings.

Western blot analysis
---------------------

Total protein was extracted using RIPA buffer supplemented with protease and phosphatase inhibitors and quantitied using a BCA kit (Thermo Scientific ,Pittsburgh PA,USA) and 20 μg of protein was loaded in each lane and separated on a sodium dodecylsulfate-polyacrylamide (SDS-PAGE) gel and blotted onto nitrocellulose. Blots were blocked with 5% dry milk in tris-buffered saline/0.1% tween-20 and incubated overnight with a diluted solution of primary antibody at 4°C, followed by horseradish peroxidase-conjugated secondary antibody (1:5000) for 2 h. The specific antibodies used for western blot were rabbit anti-AR antibody (1:200, ab74272) and were rabbit anti-PARP1 antibody (1:1000, ab32138). Bands were normalized to GAPDH expression, which was used as an internal loading control. Results from at least two separate experiments were analyzed.

Immunohistochemistry staining
-----------------------------

Slides were deparaffinized in a series of xylenes and ethanols. Heat-mediated antigen retrieval was fulfilled with citrate buffer (BioGenex Laboratories, San Ramon, CA). Antibodies used were AR (1:50), PARP1 (1:25). Immunostained sections were scanned using a microscope at ×200 magnification (Carl Zeiss, Germany). The total number of AR, PARP1and Ki-67 positive cells in a tumor cross-section was counted to measure in each sample.

Mice xenograft models and immunohistochemistry analysis
-------------------------------------------------------

All animal experiments strictly followed the guidelines of the Institutional Review Board of Jinling Hospital. Approximately 5.0 × 10^6^ cells were in 100 μl PBS and injected subcutaneously into the right side of the posterior flank of female BALB/c athymic nude mice (Department of Comparative Medicine, Jinling Hospital, Nanjing, China) at 5 to 6 weeks of age. Tumor volumes were examined every other day and were calculated using the equation: V = A × B²/2(cm³), where A is the largest diameter and B is the perpendicular diameter. When the average tumor size reached approximately 0.03 cm³, bicalutamide (20mg/kg/d) and ABT-888(25mg/kg/d) was administered via intraperitoneal injection every other day. After 3 weeks, all mice were killed, and necropsies were performed. Harvested tumors were fixed in formalin and embedded in paraffin for immunohistochemistry (IHC) staining.

Statistical analysis
--------------------

SPSS Statistics 19.0 (SPSS Inc.) was used for statistical analysis. Data were analyzed using one-way ANOVA or a Student\'s t-test. Data are presented as means ± the standard deviation (SD) of three independent experiments. All analyses were performed at a significance level of \*P \< 0.05 or \*\*P\<0.001.

Results
=======

Combination of bicalutamide and ABT-888 can inhibit cell viability and induce cell apoptosis in AR positive TNBC cells
----------------------------------------------------------------------------------------------------------------------

Many studies have indicated that AR is associated with prognosis of breast cancer patients and influences endocrine treatment response in breast cancer, particularly in TNBC [@B30]-[@B33]. Our previous data showed that low AR expression was associated with better OS (103.18 vs. 84.71 months; P = 0.002) [@B34]. To investigate the effect of AR in the TNBC cell proliferation, we treated two AR-positive TNBC cell lines MDA-MB-231 and HCC1937 with AR agonist dihydrotestosterone (DHT), and then we detected obvious increase of cell viability in the two cell lines by MTT assay (Figure [1](#F1){ref-type="fig"}A).

PARP inhibition and BRCA1 mutation can result in synthetic lethality for breast cancer cells and as TNBC and BRCA1-mutated breast cancer share many characteristics, it is assumed that TNBC will be susceptible to PARP1 inhibitors [@B19]. In our study, we observed that ABT888 inhibited cell viability in MDA-MB-231 and HCC1937 cells significantly (Figure [1](#F1){ref-type="fig"}B). To demonstrate whether combination therapy of bicalutamide and ABT-888 make the growth inhibition stronger compared with monotherapy in TNBC cells, MDA-MB-231 and HCC1937 cell lines were treated with bicalutamide or ABT-888 alone or in combination. We observed that bicalutamide plus ABT-888 could reduce cell viability more significantly in contrast to bicalutamide or ABT-888 monotherapy (Figure [1](#F1){ref-type="fig"}B). These results were in accordance with clone formation rate (Figure [1](#F1){ref-type="fig"}C). In addition, combination therapy could induce cell apoptosis more significantly compared with bicalutamide or ABT-888 monotherapy (Figure [1](#F1){ref-type="fig"}D).

To conclude, these results suggested that AR might be associated with a poor prognosis in TNBC and combination of bicalutamide and ABT-888 could inhibit cell viability and induce cell apoptosis significantly in *vitro*.

BRCA1 negatively relates to AR and PARP1 expression *in vitro*
--------------------------------------------------------------

BRCA1 and PARP1 are both very important DNA damage response protein that promote DNA repair [@B35]. And interestingly, previous researches have found that both BRCA1 and PARP1 can interact with AR and influence the transcription of AR itself and its target genes in other cancer cells [@B25], [@B28]. However, little is known regarding the regulation effect of BRCA1 on AR and PARP1 in TNBC. We observed that BRCA1 overexpression could suppress cell viability in TNBC (Figure [2](#F2){ref-type="fig"}A). To further determinate the changes of AR and PARP1 induced by BRCA1 overexpression, we examined the levels of AR and PARP1 after over-expressing BRCA1 in TNBC cell lines. The relative mRNA levels of AR and PARP1 were significantly declined following BRCA1 overexpression in MDA-MB-231 and HCC1937 cells (Figure [2](#F2){ref-type="fig"}B). Decreased protein expression of AR and PARP1 were also detected in BRCA1-transfected TNBC cells (Figure [2](#F2){ref-type="fig"}C). In TNBC cells treated by DHT after overexpressing BRCA1, both AR and PAPR1 expressions were higher than the cells overexpressing BRCA1 and lower than the cells treated by DHT (Figure [2](#F2){ref-type="fig"}C). So, we proved that overexpression of BRCA1 could down regulate the expression of AR and PARP1 and we also assumed that the activation of AR by DHT might up regulate expression of PARP1 in AR-positive TNBC cells. We then demonstrated the TNBC cells with co-overexpression of BRCA1 and PARP1 had higher expression of AR and PARP1 compared with TNBC cells overexpressing BRCA1 and lower expression of AR and PARP1 compared with TNBC overexpressing PARP1 (Figure [2](#F2){ref-type="fig"}D). The results once again demonstrated that overexpression of BRCA1 could down regulate the expression of AR and PARP1 and PARP1 might up-regulate expression of AR in AR-positive TNBC cells.

In conclusion, these results suggested that overexpression of BRCA1 could inhibit cell viability, and decrease AR and PARP1 expression in *vitro*.

AR up-regulates PARP1 expression, and PARP1 also positively regulates AR expression *in vitro*
----------------------------------------------------------------------------------------------

Based on the above results, we found that not only BRCA1 could decrease expression of both AR and PARP1, but also AR and PARP1 interacted with each other. And numerous researches on prostate cancer have revealed that antitumor response to PARP1 inhibition is associated with diminished AR activity [@B25]. Mechanistically, PARP1 is recruited to the binding sites of AR and then promote AR occupancy and AR transcriptional function [@B36]. However, the effect of AR on PARP1 has not been studied. So, we first detected the AR and PARP1 protein levels in AR-positive TNBC cells after activating AR by DHT or inhibiting AR by bicalutamide. And our data indicated that PARP1 expression was elevated by DHT and reduced by bicalutamide in contrast to control group (Figure [3](#F3){ref-type="fig"}A). These results were verified in mRNA levels measured by RT-PCR (Figure [3](#F3){ref-type="fig"}B). We concluded that AR activation could positively regulate PARP1 expression in TNBC cells.

To further explore whether PARP1 can affect AR expression in TNBC, we measured the protein level of AR in TNBC cells after transfection of PARP1 vector or treatment with ABT-888. Then we found that mRNA and protein expression levels of AR were increased by PARP1 overexpression and reduced by ABT-888 in AR-positive TNBC cells compared with the control group (Figure [3](#F3){ref-type="fig"}C, D). In conclusion, these data indicated that AR up-regulated PARP1, and PARP1 also up-regulated AR expression in *vitro*.

Combination of bicalutamide and ABT-888 inhibits tumor growth in mice xenograft model
-------------------------------------------------------------------------------------

To confirm our in *vitro* findings in *vivo*, we conducted nude mice xenograft models with HCC1937 cells and then randomly assigned them to one of four different treatment groups: control group, bicalutamide (20mg/kg/d) group, ABT-888 (25mg/kg/d) group, biclutamide plus ABT-888 group. Over three weeks, our data indicated that co-treatment with bicalutamide and ABT-888 significantly delayed tumor growth compared with bicalutamide or ABT-888 single treatment (Figure [4](#F4){ref-type="fig"}C). We also observed that tumor tissues from the mice xenografts treated with bicalutamide plus ABT-888 showed lower Ki-67 expression compared to the other groups, suggesting combination treatment significantly reduced proliferation ability of tumor cells (Figure [4](#F4){ref-type="fig"}D). The result was corresponded with results of cell apoptosis by flow cytometer assay (Figure [1](#F1){ref-type="fig"}D). Additionally, the expression of AR and PARP1 were reduced more obviously in co-treatment group by using immunohistochemistry staining (Figure [4](#F4){ref-type="fig"}D). We could summarize that co-treatment with bicalutamide and ABT-888 significantly inhibited tumor growth in mice xenograft model.

The inhibitory effect of combination of bicalutamid and ABT-888 on mice xenograft model is possibly associated with BRCA1 status in TNBC
----------------------------------------------------------------------------------------------------------------------------------------

Many researches have proved that PARP inhibition in BRCA1-mutated TNBC cell can induce synthetic lethality [@B37], [@B38]. PARP inhibitor AG014699 delayed growth of xenograft tumor generated from TNBC cell MDA-MB-436 and HCC1937 which carried BRCA1 mutation more markedly in contrast with xenograft tumors with BRCA1/2-nonmutated breast cancer cells such as MCF-7,  MDA-MB-231, and  HCC1937-BRCA1 (derived from HCC1937 by correct the BRCA1 mutation)[@B39]. The previous study indicated that PARP inhibitor could increase sensibility of chemotherapy through DDR *via*BER pathway in BRCA1 mutation cancers [@B40]. We hypothesized that combination therapy of PARP1 inhibitor and bicalutamide could also increase anti-tumour growth effect more obviously in BRCA1-muated TNBC cells than BRCA-wild type cells. To examine the hypothesis in *vivo*, we established two xenograft models with BRCA1-mutation HCC1937 and BRCA1 wild-type MDA-MB-231 cells on either side of a nude mouse (Figure [5](#F5){ref-type="fig"}A). We assumed the two xenograft models were in the analogous microenvironment, and then treated the nude mouse with bicalutamide and ABT-888 by intraperitoneal injection for three weeks. We observed that the tumor volume growth was inhibited obviously in HCC1937 xenograft compared with MDA-MB-231 xenograft (Figure [5](#F5){ref-type="fig"}B). Collectively, the inhibitory effect of combination of bicalutamid and ABT-888 on tumor proliferation was possibly more obvious in BRCA1-mutated TNBC than BRCA1 wild-type TNBC.

BRCA1, AR and PARP1 expression in triple-negative breast cancer patients
------------------------------------------------------------------------

Based on these findings, we were interested in whether there was a connection among BRCA1, AR and PARP1 expression in TNBC patients, and whether the speculation that BRCA1 was negatively correlated with AR and PARP1 was correct. Therefore, we performed immunohistochemical staining of these proteins in malignant tumor samples from 28 TNBC patients using a tissue microarray. Representative staining is shown in Fig. [6](#F6){ref-type="fig"}A. We observed that 18 cases (64.3%) and 10 cases (35.7%) expressed BRCA1 at high and low levels, respectively (Table [1](#T1){ref-type="table"}). We next analyzed the correlation among BRCA1, AR and PARP1 expression in the tumor tissues. An inverse correlation was identified between BRCA1 and AR expression (r=-2.694, P=0.011), which was consistent to our previous data [@B34]. Similarly, BRCA1 and PARP1 status also showed a significantly negative correlation (r=-2.324, P=0.046) (Table [1](#T1){ref-type="table"}). Therefore, BRCA1 expression was negative correlated with both AR and PARP1 in TNBC patients.

Discussion
==========

For lack of ER and PR expression, as well as HER-2 amplification, TNBC patients cannot benefit from conventional hormonal or anti-HER2 targeted therapies. It is delight that emerging researches have shown AR may be a therapy target for TNBC [@B30], [@B41]. Here, we showed that activation of AR by DHT could promote cell proliferation and conversely inhibition of AR by bicalutamid could inhibit cell proliferation and induce cell apoptosis in AR-positive TNBC. AR is a member of nuclear receptors and is involved in cell cycle regulation and cell proliferation. In the absence of DHT, AR is located in the cytoplasm and forms a complex with heat shock protein [@B42]. Once AR binds with DHT in a ligand-dependent manner, AR homodimer will translocate to nuclear and interact with androgen responsive elements to regulate target gene transcription. In another ligand-independent manner without DHT, MAPK and STAT3 signal pathways can promote AR to translocate into nuclear [@B43]. AR knockdown can change cell cycle procession by distinctly down regulating of cyclin D1, D2, B and A, and up-regulating p27 [@B44]. It is also validated that mRNA levels of EGF, SHC, PKC, GRB2 and RASA are significantly reduced in the presence of AR knockdown, and increased after AR overexpression in another study [@B45]. A study clarified that bicalutamide treatment induced cell death in AR-positive TNBC cell MDA-MB-453 through directly inhibiting transcription of WNT7B and HER3 and then impairing WNT or HER2 signaling [@B46]. Our recent study found that AR-stimulated proliferation in breast cancer was associated with mTOR activity, in accordance to the findings in other cancer cells [@B47].

PARP1 is indispensable in BER pathway which repairs DNA single strand breaks and BRCA1-mutated TNBC patients should be sensitive to PARP1 inhibitors due to synthetic lethality [@B35]. Other than function involved in DDR, PARP1 has been reported to bind to gene promoters and to interact with transcriptional factors to mediate gene transcription. Based on roles for PARP1 in ER-α transcriptional activation, neuron-derived orphan receptor 1 and AR transcriptional regulations, it is assumed that PARP1 has a potential function in modulating transcriptional function of nuclear receptor and especially in hormone-dependent cancers [@B25]. As for modulation of AR transcriptional functions, it has been elucidated that PARP1 is recruited to the function sites of AR and then promote AR-mediated target gene transcription including AR itself by enhancer binding, interaction with insulators, modulation of chromatin structure, and/or regulation of transcription factors [@B25]. Emerging researches have suggested that PARP1 inhibitors can disrupt transcriptional activities of AR and suppress AR-dependent cellular proliferation both in *vitro* and in *vivo* in prostate cancer [@B25], [@B26]. Although PARP1-mediated transcriptional effects have been studied much in prostate cancer, the impact of the transcriptional function of PARP1 in TNBC has never been delineated. In our data, inhibition of PARP1 by ABT-888 could increase cell death and inhibit the tumor growth in mice xenograft models. And we assumed that suppression of cell viability from PARP-1 inhibitor in AR-positive TNBC was due to not only impaired DNA damage repair but also reduced AR activity. We confirmed that PARP1 could also up regulate AR and interestingly AR positively regulated PARP1 in this paper. However, the mechanism of AR up regulating PARP1 still needs to be further studied.

The role of BRCA1 in ligand-dependent AR signaling has been studied for more than a decade. In previous studies, BRCA1 could regulate AR through binding to the AR AF-1 site to inhibit AR transcriptional function and BRCA1 could also inhibit AR-mediated proliferation of breast cancer cells through the activation of SIRT1[@B48], [@B49]. In our study, it was found that BRCA1 could down regulate the expression of AR and PARP1. We assumed that the PARP1 down-regulation after BRCA1 overexpression might be associated with the inhibition of AR.

Besides the indirect relationship between BRCA1 and PARP1 due to the BRCA-PARP synthetic lethality, direct interactions between these two proteins also exist. BRCA1 inactivation due to mutation or promoter methylation is followed with increased PARP1 and nicotinamide adenine dinucleotide (NAD) levels and interestingly the high efficiency of PARP1 induced by BRCA1 inactivation may further inhibit BRCA1 transcription by NAD depletion. Besides, recent studies have found that PARP1 also participate in BRCA1-mediated HRR. PARP1 is observed to interact with and poly-ADP-ribosylates (aka PARsylates) BRCA1. PARsylation is directed at the BRCA1 DNA binding domain and reduce its function to avoid excessive HRR and maintain genome stability [@B50]. In this study, we found that BRCA1 expression influenced the PARP1.These evidences emphasize that interaction between BRCA1 and PARP1 may be beneficial for the dynamic balance between BRCA1 and PARP1- associated biologic processes.

We reported strengthened effect of inhibiting cell viability and inducing cell apoptosis by combining AR antagonist bicalutamide with PARP inhibitor ABT-888 in AR positive TNBC cell lines. Importantly, combination of bicalutamide and ABT-888 could significantly inhibit tumor growth in mice xenograft model compared with monotherapy. We hope it will provide a new therapy strategy in AR-positive TNBC. And the study on relationship among BRCA1, PARP1 and AR will provide theories for more possible therapy strategies.
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![**Combination of bicalutamide and ABT-888 can inhibit cell viability and induce cell apoptosis in AR positive TNBC cells. (A)** MDA-MB-231 and HCC1937 cells were treated with 0.1μM DHT for 24h, 48h, 72h, and cell viability was determined by MTT assay. **(B)** MDA-MB-231 and HCC1937 cells were treated with 10μM bicalutamide and 10μM ABT-888 alone or in combination for 24h, 48h, 72h, and cell viability was determined by MTT assay. **(C)** MDA-MB-231 and HCC1937 cells were treated with 10μM bicalutamide and 10μM ABT-888 alone or in combination for 48h, then cell proliferation was determined by clone formation assay. **(D)** Cell apoptosis measured by flow cytometry analysis after cells were exposed to 10μM bicalutamide and 10μM ABT-888 alone or in combination for 48h in MDA-MB-231 and HCC1937. Data are the mean of three independent experiments. \*P\<0.05, \*\*P\<0.01, \#P\>0.05.](ijbsv12p1500g001){#F1}

![**BRCA1 downregulates the expression of AR and PARP1 in AR-positive TNBC cells. (A)** MDA-MB-231 and HCC1937 cells were transfected by plasmid encoding BRCA1 for 24h, 48h, 72h, and cell viability was determined by MTT assay. **(B)** AR and PARP1 mRNA levels were determined by RT-PCR following transfection of plasmid encoding BRCA1 for 24h in MDA-MB-231 and HCC1937, and normalized to GAPDH expression.**(C)** MDA-MB-231 and HCC1937 cells were transfected by plasmid encoding pBABE-puro as normal control and BRCA1, and treated with 0.1μM DHT for 48h, and AR and PARP1 protein levels were determined by western blot.**(D)** MDA-MB-231 and HCC1937 cells were transfected by plasmid encoding pBABE-puro as normal control, BRCA1, PARP1, or co-overexpression of BRCA1 and PARP1 for 48h, AR and PARP1 protein levels were determined by western blot. \*P\<0.05, \*\*P\<0.01](ijbsv12p1500g002){#F2}

![**AR up-regulates the expression of PARP1 and PARP1 also positively regulates AR expression in AR-positive TNBC cells. (A)**MDA-MB-231 and HCC1937 cells were treated with 10μM bicalutamide or 0.1μM DHT for 48h. The expression levels of AR and PARP1 were determined by western blot, and normalized to GAPDH expression. **(B)** MDA-MB-231 and HCC1937 cells were transfected by plasmid encoding PARP1, or treated with 10μM ABT-888 for 48h. And then the expression of AR and PARP1 in these two groups were determined by western blot, and normalized to GAPDH expression. **(C)** MDA-MB-231 and HCC1937 cells were treated with 10μM bicalutamide or 0.1μM DHT for 24h. The mRNA levels of AR and PARP1 were determined by RT-PCR, and normalized to GAPDH expression. **(D)** MDA-MB-231 and HCC1937 cells were transfected by plasmid encoding PARP1, or 10μM ABT-888 for 24h. And then the mRNA levels of AR and PARP1 were determined by RT-PCR, and normalized to GAPDH expression. Data are the mean of three independent experiments. \*\*P\<0.01.](ijbsv12p1500g003){#F3}

![**The inhibitory effects of combination of bicalutamide and ABT-888 in HCC1937 tumors growth in mice xenograft models**. Mouse xenograft models with HCC1937 human breast cancer cells were established. Then we randomly assigned them to one of four different treatment groups: untreated group as normal control, bicalutamide (20mg/kg/d) group, ABT-888 (25mg/kg/d) group, and bicalutamide (20mg/kg/d) plus ABT-888 (25mg/kg/d) group for 21 days. **(A)** There are the representative images of xenograft tumors after three weeks treatment. **(B)** The final tumors from the mouse xenograft models in the different four groups after 21 days are shown. **(C)** The growth curves of HCC1937 tumors growth in mice xenograft models, representing mean volumes of 3 subcutaneous transplanted tumors per group, measured twice days with calipers, are presented in the graph with the standard deviation. **(D)** The tumors were removed from the mice in 15 days after drug treatment ended, and immunohistochemical staining for AR, PARP1, and Ki-67 were conducted. Photomicrographs depict representative AR, PARP1, and Ki-67 staining (200× magnification).](ijbsv12p1500g004){#F4}

![**The inhibitory effect of combination ABT-888 and bicalutamide on mice xenograft model growth effect is possibly associated with BRCA1 status in TNBC. (A)** We conducted two xenograft models with HCC1937 and MDA-MB-231 cells in left and right sides of hind legs respectively of a nude mouse and treat the mouse with bicalutamide (20mg/kg/d) plus ABT-888(25mg/kg/d) for 3 weeks.**(B)** Fold change of each tumor volume measured twice days with calipers is shown in a graph.](ijbsv12p1500g005){#F5}

![**High BRCA1 expression is associated with low AR and PARP1 expression in TNBC patients. (A)** Immunohistochemical analysis of BRCA1, AR and PARP1 in TNBC patients by high magnification (200×) is shown. **(B)** Schematic model depicts the relative effects of BRCA1, AR and PARP1 in regulatory pathway.](ijbsv12p1500g006){#F6}

###### 

BRCA1 expression was negative correlation with AR and PARP1 by IHC using the breast cancer tissue-array.

                Tumor microarray (n=28)   *P* value   *r* value           
  ------------- ------------------------- ----------- ----------- ------- --------
  AR(high)      8/28 (28.6%)              2           6           0.011   -2.694
  AR(low)       20/28 (71.4%)             16          4                   
  PARP1(high)   14/28 (50%)               6           8           0.046   -2.324
  PARP1(low)    14/28 (50%)               12          2                   
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